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Abstract
Background: New instruments and techniques for hepatectomy have been shown to reduce blood loss
during liver resection. The present study aims to evaluate the feasibility and result of our techniques of
liver resection without routine inflow occlusion (the Pringle manoeuver).
Methods: The cavitron ultrasonic surgical aspirator (CUSA) and saline-linked radio-frequency dissecting
sealer (TissueLink) were used together for open hepatectomy, whereas a bipolar vessel sealing device
(Ligasure) and TissueLink were used for laparoscopic hepatectomy. Between June 2003 and May 2007,
248 consecutive cases of liver resection were carried out using the above techniques without the routine
Pringle manoeuver. The operative and clinical outcome data were prospectively collected and analysed.
Results: During the study period, a total of 220 cases of open hepatectomy and 28 cases of laparo-
scopic hepatectomy were performed. The Pringle manoeuver was eventually applied in six patients
(2.4%): two for portal vein tumour thrombus extraction and four as a result of heavy bleeding. Median
blood loss was 300 ml (20–2700 ml) and the blood transfusion rate was 7.7%. In most of the cases, the
liver function tests showed improvement on post-operative day 1 or 2, and the median post-operative
hospital stay was 7 days. There were two post-operative deaths (0.8%). Complications occurred in 63
patients (25.4%) and most complications were minor.
Conclusions: Refined techniques and instruments for liver resection allow hepatectomy to be done
safely without using the routine Pringle manoeuver. Most patients had a quick recovery of liver function
and were discharged early.
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Introduction
During liver resection, bleeding remains the single most impor-
tant challenge. Studies have shown that bleeding and subsequent
blood transfusion increased operative morbidity and mortality.1–3
Furthermore, bleeding may increase the recurrence of and reduce
the survival rate for malignant diseases.3–6 Thus, a reduction in
blood loss and the avoidance of a blood transfusion are important
objectives of liver surgeons today. Different methods of vascular
control have been developed in the past to cut down blood loss
with variable success rates.7–9 Amongst these, the Pringle manoeu-
ver still stands out as the most simple and effective method.10 This
manoeuver involves the control of the hepatic vascular inflow by
clamping the hepatoduodenal ligament. During hepatectomy, the
Pringle manoeuver is still commonly employed today as a routine
procedure worldwide.11–14 However, ischaemic insult to the
remnant liver is always a concern, particularly in cirrhotic livers
whenever this manoeuver is applied.15,16
In recent years, with the refinement of surgical equipments and
techniques in liver resection, blood loss during such procedures
has been reduced even without the use of the Pringle manoeu-
ver.17,18 Since early 2003, we have adopted the combined use of a
cavitron ultrasonic surgical aspirator (CUSA; ValleyLab, Boulder,
Co, USA) and a saline-linked radio-frequency dissecting sealer
(TissueLink; TissueLink Medical Inc., Dover, DE, USA) to
perform liver resection.19 We found that blood loss during liver
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resection was low even when the Pringle manoeuver was not
applied. This made us believe that the Pringle manoeuver might
not be necessary as a routine adjuvant in liver resection and since
June 2003 we have given up routine use of the manoeuver. Here we
report the results of our liver resections and explore the feasibility
and possible benefits of this technique.
Patients and methods
In a 4-year period from June 2003 to May 2007, 248 consecutive
cases of liver resection were carried out in our unit without the use
of the routine Pringle manoeuver. Demographic data, operative
data, clinical outcomes, pathological findings and follow-up infor-
mation were prospectively collected for all patients. Blood loss was
calculated from the volume of the suction bottle, the suction
bottle of CUSA and by weighing the soaked gauze. A transfusion
was given if the patient developed haemodynamically instability
as a result of blood loss or whenever the haemoglobin fell below
8 g/dl. Blood given during the operation and at any time in the
post-operative period during the same admission for the opera-
tion was counted as the transfusion requirement for the opera-
tion. The recovery of liver function after hepatectomy was assessed
by the occurrence of peak levels of serum bilirubin, the interna-
tional normalized ratio for coagulation (INR) and alanine ami-
notransferase (ALT) after surgery. Liver failure was defined
according to the ‘50-50 Criteria’ on post-operative day 5 (serum
bilirubin > 50 mmol/l and INR > 1.7).20 Survival was measured
using the Kaplan–Meier survival curve. The Mann–Whitney
U-test was used for statistical analysis of blood loss, operative time
and post-operative hospital stay between the different groups of
patients. Fisher’s exact test or c2 test were used for statistical
analysis of categorical variables of the major and minor hepatec-
tomy group of patients.P < 0.05 was taken as the level of statistical
significance.
Operative techniques
We performed open hepatectomies via right subcostal incisions
with upward midline extensions, and in some cases with left sub-
costal extensions. In all cases, operative ultrasound (Aloka, Tokyo,
Japan) was used to define the tumour, to exclude pre-operatively
undetected lesions and to mark the plane for liver parenchymal
transection. To reduce venous bleeding during liver transection,
the central venous pressure was kept below 5 cm H2O using fluid
restriction. In most cases the liver was mobilized in the standard
fashion before transection, whereas in the rest, we adopted the
anterior approach or the hanging technique for hemi-
hepatectomy. The Pringle manoeuver was not applied unless
heavy or uncontrolled bleeding was encountered during liver
resection or the extraction of the portal vein tumour thrombus
was required. The decision to apply the Pringle manoeuver relied
on the discretion of the operating surgeons. The heaviness of the
bleeding would be dependent on both the rate as well as the
volume of blood loss. For major hepatectomy, if possible, hilar
dissection was performed to ligate the hepatic artery and the
portal vein branch to the lobe of liver that was removed. Other-
wise, the hepatic artery and portal vein branches were ligated
intra-hepatically during parenchymal transection. Hilar dissec-
tion was not performed for non-anatomical hepatectomy. The
liver parenchyma was divided by CUSA which was operated by
one surgeon while the other surgeon held the saline-linked radio-
frequency dissecting sealer for coagulation and haemostasis
(Fig. 1). The dissecting sealer delivered radiofrequency energy via
a continuous stream of saline dripped from the device tip, so as to
prevent char formation. The device was efficient in controlling the
small bleeding vessels within the liver parenchyma.19 Larger vessels
were either ligated or clipped. The major hepatic veins were
usually divided using endovascular staplers (Tyco Healthcare,
Norwalk, CT, USA). In most cases, tissue glue (Tisseel; Baxter,
Vienna, Austria) was sprayed onto the liver resection surface to
augment haemostasis and prevent bile leak. The placement of
drains was left to the discretion of the operating surgeons.
Laparoscopic liver resection was performed without the appli-
cation of a hand port.21 In most cases, three to five laparoscopic
ports (5 to 12 mm in diameter) were placed according to the
location of the tumour. Laparoscopic ultrasound (Aloka) was rou-
tinely performed. The Pringle manoeuver was not used in any of
the laparoscopic resections. The liver was transected with a bipolar
vessel sealing device (Ligasure; Valleylab) and haemostasis was
achieved by using the laparoscopic TissueLink device. Radio-
frequency ablation-assisted (Cool-Tip; Tyco Healthcare) laparo-
scopic liver resection was used in one case. Endovascular staplers
were used to divide the large vascular pedicles whereas the smaller
vessels were controlled by metal clips. Tissue glue was routinely
applied, and all specimens were retrieved in sterile plastic bags
through an extended port site, usually at the umbilicus.
Figure 1 Combined use of the cavitron ultrasonic surgical aspirator
(CUSA) and saline-linked radio-frequency dissecting sealer for liver
parenchymal transaction
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Results
There were 152 men and 96 women in this series. The median age
was 54 years (range 22 to 80 years). Seventy-seven patients (31%)
had liver cirrhosis on histology. Most of the patients (96%) suf-
fered from Child’s A cirrhosis, whereas nine patients suffered
from Child’s B and one patient from Child’s C cirrhosis. One
hundred and four patients (42%) had one or more co-morbidities
including hypertension, diabetes mellitus, renal impairment or
ischaemic heart disease. Regarding the American Society of Anes-
thesiologists score (ASA), most of the patients (146) were ASA II,
and the rest were either ASA I or III. No patients belonged to ASA
IV or V.
The types of hepatectomy performed are shown in Table 1.
Seventy-five (30%) of the liver resections were major hepatectomy
(a resection of three segments or more). Within this group, hilar
dissection was performed in 68 patients (90.7%). Twenty-eight
patients (11.3%) underwent laparoscopic liver resection, two of
which were converted to open hepatectomy as a result of bleeding
in one case and a lack of progress in the other. Excluding chole-
cystectomy, concomitant procedures were carried out in 41
patients (16.5%), including radiofrequency ablation of other liver
lesions, bile duct exploration, bile duct resection, porta hepatic
lymphatic dissection and bowel resection, etc.
The final diagnoses in these 248 cases are shown in Table 2.
Hepatocellular carcinoma (HCC) was the commonest indication
for hepatectomy (52.4%). Eleven of the HCC patients presented
with acute rupture or a history of rupture. The size of the liver
lesions, if applicable, ranged from 8 mm to 20 cm (median:
4.5 cm). Multiple lesions (more than one) were found in 50
patients. The median resection margin was 1.2 cm (range:
0–6.5 cm). Eight patients had histological involvement of the
resection margin.
The Pringle manoeuver was applied during the operation on
six patients (2.4%), with a clamping duration from 5 to 20 min
(median: 7.5 min). In two cases, a hilar clamp was used for the
extraction of the portal vein tumour thrombus, and in the
remaining four, it was used to control the bleeding. Blood loss in
these six patients ranged from 200 to 1800 ml (median: 710 ml).
All six patients recovered without complications.
The main operative outcomes are summarized in Table 3. There
were two operative mortalities (0.8%). One patient died of myo-
cardial infarction on post-operative day 5 and the other died of
liver failure on post-operative day 23. A total of 82 complications
occurred in 63 patients (25.4%). In order of decreasing frequency,
these complications were wound infections (19), pleural effusion
(18), ascites (14), intra-abdominal collection (13), atrial fibrilla-
tion (4), bile leak (2), liver failure (3) and others (9). Of the three
patients who developed liver failure, one subsequently died,
whereas the other two who received a right and an extended right
hepatectomy, respectively, and stayed in hospital for 25 and 28
days post-operatively. One patient needed re-operation to control
bleeding from the right adrenal gland. Nineteen patients (8 in the
major hepatectomy group and 11 in the minor hepatectomy
group) required percutaneous drainage procedures for intra-
abdominal collections or pleural effusion. The median operative
blood loss was 300 ml (range: 20 to 2700 ml). Nineteen patients
(7.7%) required blood transfusion. These included five right
hepatectomies, three left hepatectomies, four left lateral section-
ectomies, three bisegmentectomies, one segmentectomy and three
wedge resections. Most of the transfusions were given during the
operation because of heavy blood loss (up to 2700 ml). The rest
were given in the post-operative period. Further analysis of the
blood loss between the cirrhotic and non-cirrhotic groups of
patients revealed no statistical differences in either major or minor
hepatectomy (Table 4). The median operative time was 240 min
(range 70 to 490 min). The median peak level of serum bilirubin
and INR occurred on post-operative day 2, whereas the median
peak level of serum ALT occurred on post-operative day 1 (Fig. 2).
The median post-operative hospital stay was 7 days (range: 2 to 47
Table 1 Types of hepatectomy performed in the 248 patients
Type of hepatectomy Number of
patients
Percentage
Open hepatectomy
Right hepatectomy 47 19.0%
Extended right hepatectomy 5 2.0%
Left hepatectomy 21 8.5%
Extended left hepatectomy 2 0.8%
Left lateral sectionectomy 58 23.4%
Bisegmentectomy 32 12.9%
Segmentectomy 39 15.7%
Wedge resection 16 6.5%
Laparoscopic hepatectomy
Left lateral sectionectomy 13 5.2%
Wedge resection 15 6.0%
Total 248 100.0%
Table 2 Histological diagnosis in the 248 patients
Histological diagnosis Number of
patients
Percentage
Hepatocellular carcinoma 130 52.4%
Colorectal liver metastasis 47 19.0%
Metastasis from other organs 8 3.2%
Cholangiocarcinoma 11 4.4%
Carcinoma of gallbladder 7 2.8%
Recurrent pyogenic cholangitis 25 10.1%
Liver haemangioma 5 2.0%
Focal nodular hyperplasia 5 2.0%
Hepatic adenoma/cystadenoma 4 1.6%
Liver abscess 2 0.8%
Others 4 1.6%
Total 248 100.0%
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Figure 2 Trend of liver function tests in the early post-operative period (a) bilirubin, (b) international normalized ratio (INR) and (c) alanine
aminotransferase (ALT)
Table 3 Summary of the operative outcomes
Overall
(n = 248)
Major hepatectomy
(n = 75)
Minor hepatectomy
(n = 173)
P-value
Operative mortality 0.8% 1.3% (n = 1) 0.6% (n = 1) 0.51
Operative morbidity 25.4% 30.7% (n = 23) 23.1% (n = 40) 0.21
Conversion to use of Pringle manoeuver 2.4% 4.0% (n = 3) 1.7% (n = 3) 0.37
Operative blood loss 300 ml (20–2700) 460 ml (100–2400) 297 ml (20–2700) <0.001*
Blood transfusion rate 7.7% 10.7% (n = 8) 6.4% (n = 11) 0.24
Operative time 240 min (70–490) 300 min (70–475) 225 min (80–490) <0.001*
Post-operative hospital stay 7 days (2–47) 8 days (5–36) 7 days (2–47) 0.001*
Values expressed as median (range).
*denote statistical difference between major and minor hepatectomy (P-value < 0.05).
Table 4 Comparison of blood loss between cirrhotic and non-cirrhotic livers in major and minor hepatectomy
Cirrhotic
(n = 77)
Non-cirrhotic
(n = 171)
P-value
Major hepatectomy
(n = 75)
300 ml (100–1600)
(n = 17)
475 ml (100–2400)
(n = 58)
0.196
Minor hepatectomy
(n = 173)
250 ml (20–2000)
(n = 60)
300 ml (20–2700)
(n = 113)
0.168
Blood loss expressed in median (range).
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days). The longest hospital stay belonged to a 71-year-old patient
who received a left lateral sectionectomy and bile duct exploration
for recurrent pyogenic cholangitis with background cirrhosis and
had complications of infected ascites.
The operative outcomes of the 75 patients undergoing major
hepatectomy were compared against the 173 patients undergoing
minor hepatectomy (Table 3). Patients undergoing major hepate-
ctomy had higher operative blood loss (median: 460 ml vs.
297 ml), longer operating time (median: 300 min vs. 225 min)
and longer post-operative hospital stay (median: 8 days vs. 7 days).
There was no statistical difference in the operative mortality, mor-
bidity, conversion to the use of the Pringle manoeuver and the
blood transfusion rate between the two groups.
The 248 patients were followed up for a median period of 16.1
months and the 1-year, 3-year and 5-year overall survival rates
were 90.2%, 66.7% and 56.5%, respectively. The 130 patients with
HCC were followed up for a median period of 13.0 months. The
overall survival rates at 1, 3, 5 years were 85.9%, 61.9% and 58.1%
, respectively, and their disease-free survival rates at 1, 3, 5 years
were 65.6%, 42.3% and 36.2%, respectively.
Discussion
The Pringle manoeuver is routinely applied during liver resection
in many centres in the world today as various retrospective studies
have shown that this manoeuver helps to reduce blood loss, with
or without the delayed recovery of liver function.22,23 To our
knowledge, only two prospective randomized trials have been per-
formed in the past to test the effectiveness of the Pringle manoeu-
ver. One prospective randomized trial that compared liver
resection with or without the Pringle manoeuver showed that the
application of inflow occlusion resulted in less blood loss.24 Fur-
thermore, the same study revealed that the liver function was
better preserved in the Pringle group, as shown by a lower serum
bilirubin level in the early post-operative period. The authors
attributed this to less haemodynamic disturbance induced by the
bleeding. However, the other more recent prospective randomized
study reported that there was no difference in terms of blood loss,
rate of blood transfusion, mortality or morbidity for liver resec-
tion with or without the Pringle manoeuver.25 Thus it seems that
the value of the Pringle maneuver in reducing blood loss during
liver resection is still controversial, especially in this era of improv-
ing surgical dissecting techniques and equipments in liver surgery.
We believe that factors other than inflow occlusion also play
significant roles in the control of bleeding during hepatectomy.
Amongst these are the extra-parenchymal ligation of the inflow
and/or outflow vessels to the resected segment/lobe of the liver,25
maintaining central venous pressure below 5 cm H2O,26–28 refined
surgical instruments and meticulous dissection techniques. We
intended to achieve low central venous pressure anaesthesia in all
our cases, and in major hepatectomy hilar dissection to achieve
ligation of inflow vessels was done in 90.7% of cases. Of the
different dissection instruments, we have found that the com-
bined use of CUSA and the saline-linked radio-frequency dissect-
ing sealer particularly effective in achieving an almost bloodless
transection. This technique has been shown by another group to
reduce the duration of inflow occlusion, blood loss and operative
time as compared with the use of CUSA alone.19 Such a technique
was also reported to be safe and effective without the need for
portal triad clamping.17 We have been accustomed to using this
technique since 2003 and we confidently abandoned the routine
Pringle manoeuver in June of that year. Giving up this routine
manoeuver has allowed us to transect the liver more meticulously
without worrying about the clamp time. Surgeons can take their
time in the transection of the liver, as they do not have to hastily
transect the liver with the vascular clamp on, and surgical trainees
can develop their skill in the procedure more easily.
The median blood loss in this series was 300 ml with a blood
transfusion rate of 7.7%. These figures compare favourably with
other large series of liver resections where inflow occlusion was
commonly used, in which the median blood loss was reported to
be greater than 500 ml with transfusion rates of 6.2% to 49%.11–14
In this series, although the major hepatectomy group had a sig-
nificantly higher blood loss, longer operating time and longer
post-operative hospital than the minor hepatectomy group, the
difference is relatively small considering the larger transection
areas and smaller parenchymal volume of the remnant livers in
patients undergoing major hepatectomies. More importantly,
these differences did not translate into differences in operative
mortality, operative morbidity, conversion to the use of the
Pringle manoeuver and the rate of blood transfusion.
Our series confirms that relatively low levels of blood loss can
equally be achieved in hepatectomy without the Pringle manoeu-
ver. Furthermore, no increase in blood loss was observed in the
cirrhotic patients, as compared with the non-cirrhotic patients in
either minor or major hepatectomy (Table 4). Although cirrhosis
and more extensive resections have been shown to be associated
with increased rates of blood transfusion,29 we have not found this
to be the case. A low operative mortality rate of 0.8% was achieved
in this consecutive series, which is also consistent with the low
mortality rates (<5%) that have been achieved in well-respected
centres.11–14 Although the morbidity rate is not very low (25.4%),
it should be noted that most of these were minor complications.
Only one patient required re-operation and 19 others required
percutaneous drainage of an intra-abdominal collection or
pleural effusion. More importantly, most patients had a quick
recovery of liver function, except for the three patients who devel-
oped post-operative liver failure.
Although the operative time was relatively long (median
240 min), it did not adversely affect the post-operative outcomes.
The median post-operative hospital stay was only 7 days. Liver
function, as measured by serum aminotransferase, bilirubin and
the clotting profile, improved on post-operative day 1 or day 2. As
a previous study has shown that liver function recovered after
post-operative day 2,30 we believe that the avoidance of inflow
vascular occlusion accounts for the earlier recovery in our series.
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Obviously, other factors may also account for the favourable
results in this series. For example, most of the patients in the series
had Child’s A cirrhosis, and only 30% of the resections were major
hepatectomies. Also, only a small proportion of patients required
major concomitant procedures.
The Pringle manoeuver was used in six of the patients in this
series, all of whom were in the open hepatectomy group. In two of
these patients, the manoeuvers were performed intentionally to
extract the portal vein tumour thrombus. The other four patients
had uncontrolled bleeding during liver parenchymal transection
and the Pringle manoeuver was used temporarily for haemostasis.
The total clamping time ranged from 5 to 20 min only and such
durations should be tolerated by even the worst cirrhotic liver.31
The overall survival rate for this group of patients was satisfac-
tory. The group of patients with HCC also achieved comparable
overall and disease-free 5-year survival rates (58.1% and 36.2 %
respectively) as reported in other series where inflow occlusion
was used selectively.32–34 However, in view of the relatively short
period of follow-up, a valid conclusion on the relationship
between survival and the no-clamp technique cannot be drawn.
Conclusion
The Pringle manoeuver is still routinely used by many liver sur-
geons in liver resection. However, we believe that if we can control
blood loss without applying the Pringle manoeuver, we can avoid
ischaemic insult to the remnant liver and can lower the chance of
post-operative liver failure. We have shown that, with the appli-
cation of new and effective instruments, liver resection is safe
without routine inflow occlusion at the liver hilum. This applies to
the cirrhotic liver as well. Our series of no-clamp hepatectomy has
shown comparable rates of blood loss, morbidity and mortality to
those reported in other series where inflow occlusion was com-
monly used. Nevertheless, whether adding the Pringle manoeuver
on top of our liver transection techniques is harmful or beneficial
remains unknown, and prospective randomized trials should be
carried out to address this issue. Furthermore, it should be noted
that liver surgeons should be familiar with the Pringle manoeuver,
as it may be required if massive bleeding is encountered during
no-clamp hepatectomy.
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